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Abstract 
Metal-semiconductor contact has been a critical topic in the semiconductor industry because it 
influences device performance remarkably. Conventional metals have served as the major 
contact material in electronic and optoelectronic devices, but such selection becomes 
increasingly inadequate for emerging novel materials such as two-dimensional (2D) materials. 
Deposited metals on semiconducting 2D channels usually form large resistance contacts due to 
the high Schottky barrier. A few approaches have been reported to reduce the contact resistance 
but they are not suitable for large-scale application or they cannot create a clean and sharp 
interface. In this study, a chemical vapor deposition (CVD) technique is introduced to produce 
large-area semiconducting 2D material (2H MoTe2) planarly contacted by its metallic phase (1T’ 
MoTe2). We demonstrate the phase-controllable synthesis and systematic characterization of 
large-area MoTe2 films, including pure 2H phase or 1T’ phase, and 2H/1T’ in-plane 
heterostructure. Theoretical simulation shows a lower Schottky barrier in 2H/1T’ junction than in 
Ti/2H contact, which is confirmed by electrical measurement. This one-step CVD method to 
synthesize large-area, seamless-bonding 2D lateral metal-semiconductor junction can improve 
the performance of 2D electronic and optoelectronic devices, paving the way for large-scale 2D 
integrated circuits. 
 
Introduction 
Atomically thin 2D materials have drawn significant attention since the discovery of graphene.1,2 
The 2D materials family consists of a variety of members that carry a wide range of novel 
properties.2–6 Interesting optical, mechanical and electrical phenomena have been frequently 
reported.7–12 In addition, 2D materials can be further combined to form vertical or lateral 
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heterostructures with structural complexity as well as property diversity. These heterostructures 
include semiconductor-semiconductor junctions, such as WS2/MoS2,13–15 WSe2/MoSe2,16,17 
MoTe2/MoS2,18,19 metal-insulator junctions, such as graphene/hexagonal boron nitride (hBN),20–22 
and metal-semiconductor junctions.23–27 Among them, 2D metal-semiconductor junctions have 
been recently extensively studied. Because they show potential to reduce contact resistance 
between the 2D semiconducting material and the deposited metal electrodes like Au or Ti due to 
the Schottky barrier.28–32 Low contact resistance is essential for improving the performance of 2D 
electronic devices. 
A few approaches have been proposed to reduce the contact resistance such as using graphene 
contacts,
33–39
 contact doping,
25,40,41
 and phase-engineering.
42–49
 Graphene contact has proven 
difficult to be directly synthesized with transition metal dichalcogenides (TMDs) due to its 
lattice mismatch and incompatible synthesis methods. Physical transfer is the most common 
fabrication method, yet it requires complicated procedure and it can be difficult to create a clean 
and sharp interface. The latter two chemical methods remain insufficient for large-scale 
application and chemical stability. Therefore, direct growth of large-area, seamless-bonding 2D 
metal-semiconductor junctions with industrial compatibility plays a critical role for the future of 
vdWs integrated circuits.  
Recent research efforts in 2D materials have shown an increasing focus on molybdenum 
ditelluride (MoTe2). MoTe2 has two stable phases, hexagonal 2H phase and monoclinic 1T’ 
phase (illustrated in Figure 1a), both of which can be synthesized directly.
50–56
 Monolayer 2H 
MoTe2 is a semiconductor with a direct band gap of 1.1 eV, while bulk 2H MoTe2 has an indirect 
band gap of 1 eV.
57
 These numbers are close to that of Si, which makes 2H MoTe2 promising for 
electronic devices and optoelectronic applications.
58–61
 1T’ MoTe2 is metallic and exhibits a 
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large magnetoresistance and pressure-driven superconductivity at low temperature.
62,63
 Due to 
the small energy difference between these two phases,
64
 the 2H-1T’ phase transition has been 
achieved by using laser irradiation,
43
 or tensile strain.
65
 It is worth noting that 1T’ phase and 2H 
phase MoTe2 can form a metal-semiconductor junction, where 1T’ MoTe2 can be used as a 
contact material to solve the contact issue. MoTe2 thus not only possesses a myriad of physical 
properties to further unravel, but also shows great potential towards various industrial 
applications such as analog circuits and spintronics. Previous reports have shown various 
methods to synthesize MoTe2: mechanical exfoliation,
43,57,58
 chemical vapor transport (CVT),
66,67
 
and chemical vapor deposition (CVD)
50,51,54,55,68
 have been the most studied. Compared to other 
methods, CVD method is the most promising for large-scale synthesis and thickness control, 
making MoTe2 a candidate for wafer-scale integration of devices. It has been reported that 
monolayer MoTe2 tends to oxidize in air.
69
 Thus, few-layer MoTe2 films should be more suitable 
for practical applications. 
Here we report the phase-controlled synthesis of large-area MoTe2 films by tellurizing thin Mo 
films. Pure 2H phase, pure 1T’ phase, and 2H/1T’ heterostructure MoTe2 films are obtained by 
controlling the reaction time and temperature. A series of techniques are used to characterize the 
synthesized MoTe2 films including Raman spectroscopy, X-ray diffraction (XRD), atomic force 
microscopy (AFM), X-ray photoelectron spectroscopy (XPS), ultraviolet-visible (UV-vis) 
spectrophotometry, and transmission electron microscopy (TEM). The micro-scale optical 
transmission and absorption spectra of CVD-grown MoTe2 film is investigated by Micro-
extinction spectroscopy (MExS), which has not been reported before. Several types of MoTe2 
based devices are fabricated and measured. In a field-effect transistor (FET) device, 2H phase 
MoTe2 channel shows p-type semiconducting behavior and exhibits exponentially higher sheet 
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resistance than 1T’ MoTe2. We also demonstrate a decreased contact resistance through using the 
1T’ phase as the contact electrodes for 2H phase-based transistor by observing improved drain-
source current compared to Ti/Au metal contacts. Theoretical simulations further confirm that 
the contact barrier of 2H/1T’ MoTe2 in-plane heterostructure is lower than that of 2H MoTe2/Ti 
vertical junction.  
 
Results and Discussions 
Two-dimensional MoTe2 films are synthesized by tellurizing Mo thin film in a tube furnace, as 
illustrated in Figure 1b. By employing different reaction temperatures and times, we have 
synthesized large-area, high-quality MoTe2 samples and achieved pure 2H phase, pure 1T’ phase 
as well as mixed 2H/1T’ phase. The detailed experimental method can be found in the 
Supporting Information. The optical image in Figure 1c shows a Mo film, 2H MoTe2, 1T’ 
MoTe2, and 2H/1T’ mixed-phase MoTe2 from left to right respectively, all on SiO2/Si substrate. 
Unlike previous works that reported only 1T’ MoTe2 obtained from Mo film,
50,56
 we demonstrate 
that 2H MoTe2 and 2H/1T’ mixed-phase MoTe2 can be also formed by adjusting growth 
temperature and time. Moreover, large-area 2H and 1T’ phase can be clearly identified on the 
MoTe2 films, indicating that our method is more suitable for studying the junction between these 
two phases.
52,55,70
 
As-synthesized MoTe2 is characterized by Raman spectroscopy using a 532 nm excitation laser. 
2H and 1T’ phases of MoTe2 give two distinct Raman patterns, which are presented in Figure 1d. 
The Raman-active modes of E1g (~118 cm
-1
), A1g (~172 cm
-1
), E
1
2g (~232 cm
-1
), and B
1
2g (~287 
cm
-1
) are observed in 2H MoTe2. E
1
2g and E1g are in-plane modes, while A1g  and B
1
2g are out-of-
plane modes.
71
 For 1T’ MoTe2, the Raman-active modes of Au (~108 cm
-1
), Ag (~127 cm
-1
), Bg 
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(~161 cm
-1
), and Ag (~256 cm
-1
) are observed. All the peaks observed are consistent with 
previous reports,
50,51,71,72
 suggesting both 2H and 1T’ MoTe2 films have been successfully 
synthesized. E
1
2g (~232 cm
-1
) and Bg (~161 cm
-1
) are the prominent peaks of 2H MoTe2 and 1T’ 
MoTe2, respectively. The dominant peaks from one phase are fully suppressed in the Raman 
spectra of the other phase, indicating MoTe2 can be grown phase pure. In addition, XRD and 
XPS are also used to characterize the 2H phases of MoTe2, which are displayed in Figure S3. 
To investigate the in-plane heterostructure of 2H/1T’ MoTe2, Raman intensity mapping is 
conducted near the interface. A square region of 50 × 50 µm is selected for Raman mapping in 
Figure 2a. Raman spectra collected from the left area shows only 2H MoTe2 peaks, while the 
right area shows only 1T’ MoTe2 peaks. Raman intensity mapping using the 2H MoTe2  E
1
2g 
mode at 232 cm
-1
 (Figure 2b) and the 1T’ MoTe2 Bg mode at 161 cm
-1
 (Figure 2c) demonstrates 
the spatial distribution of 2H/1T’ MoTe2 heterostructure. The match between Raman mapping 
and optical image suggests that we can distinguish these 2H and 1T’ phases by their optical 
contrast. SEM images of the heterostructure are illustrated in Figure S4, which also imply that a 
sharp interface has been formed. The contrast between 2H and 1T’ MoTe2 can be attributed to 
their different electrical conductivities. Figure 2d shows an optical image of a region containing 
both 2H and 1T’ phase. AFM measurements are conducted near the interface as displayed in 
Figure 2e and 2f. No significant difference between these two phases is observed, which 
confirms that 2H and 1T’ MoTe2 have a very similar thickness and surface morphology.  
To study the optical properties of MoTe2, Mo films are deposited on sapphire substrates by e-
beam evaporation, followed by the synthesis process described previously. Sapphire substrates 
are used for optical measurement because they transmit a high proportion of visible and infrared 
light. The Raman spectra and the optical spectra from the visible to the near-infrared of 2H 
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MoTe2 and 1T’ MoTe2 are displayed in Figure S5 and S6, respectively. The absorption 
measurement indicates that CVD-grown 2H MoTe2 has an optical gap of 1.05 eV, while 1T’ 
MoTe2 does not show any absorption peak from 400 nm to 1400 nm. Furthermore, we explored 
the micro-scale optical transmission and absorption spectra of MoTe2 samples by using Micro-
Extinction Spectroscopy (MExS),
73
 which has not been reported before. Figure 2g shows an 
optical image of MoTe2 on sapphire, where 2H phase, 1T’ phase and sapphire regions are 
indicated. The total integrated transmission intensity mapping of the same regions acquired by 
MExS is displayed in Figure 2h. The 1T’ phase has around 20% larger total integrated 
transmission intensity than the 2H phase, while sapphire has the highest transmission. All the 
regions demonstrate uniform transmission strength throughout, which can be easily distinguished 
by the significant intensity differences among them. An absorbance study is conducted across the 
2H/1T’ MoTe2 interface, where the spectrum at each pixel along the arrow in Figure 2h is 
retrieved from the MExS datacube output. Figure 2i shows the evolution of the absorbance 
spectra collected from 1T’ phase to 2H phase, where transmission intensity has been converted 
to absorbance. The first pixel is in the 1T’ phase region and no absorption peak is observed (blue 
curve). The last spectra (red curve in Figure 2i) is collected in the 2H phase region, which has 
two peaks and higher absorbance intensity than the spectra taken from the 1T’ region. The two 
peaks are located at 495 nm and 715 nm, which are close to the previous measurement on pure 
2H MoTe2.
57
 The evolution of absorbance spectra collected from 1T’ phase to 2H phase clearly 
shows the different optical properties between these two phases. Our results provide valuable 
knowledge about optical properties of MoTe2, facilitating its application in optical devices. 
The crystallographic configuration of MoTe2 films are characterized by electron microscopy. 
MoTe2 films grown on SiO2/Si are transferred onto lacey carbon TEM grids using a PMMA 
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assisted transfer method with hydrofluoric acid (HF) as the etchant.  High-resolution 
transmission electron microscopy (HRTEM) images of the MoTe2 films and their corresponding 
fast Fourier transforms (FFTs) are shown in Figure 3, with the hexagonal 2H phase in Figure 3a 
and 3b and the monoclinic 1T’ phase in Figure 3c and 3d. The interface between the two 
phases in the lateral heterostructures is investigated further with aberration-corrected scanning 
transmission electron microscopy (STEM). Figure 3e show a defocused (low-magnification) 
STEM Ronchigram of the interface between 2H and 1T’ MoTe2 regions. The difference between 
the two samples can be observed even at low magnifications, due to the fact that in the 
transferred one a large number of breaks and discontinuities are present in the 1T’ region while 
the 2H region stays relatively continuous. A high magnification STEM image of the 2H/1T’ 
interface is shown in Figure 3f. While the thickness of the heterostructures (~10 nm) and carbon 
contamination on the surface prevent direct imaging of the atomic structure of the interface, the 
spatial resolution is high enough to observe the interface region and the crystal structure on 
either side of the interface. Figure 3g shows the FFT from the region on the 2H side highlighted 
by the blue box, and Figure 3h shows the FFT from the 1T’ region highlighted by the red box. 
The two FFTs show the same hexagonal and monoclinic structure observed in the reference 
images in Figure 3b and 3d, indicating that the heterostructure is single crystal on either side of 
the interface, and that the two crystal phases interface directly.  
To study the electrical properties of the large MoTe2 films, several types of electrical devices 
have been fabricated. Figure 4a shows a schematic of the two types of MoTe2 devices measured 
and Figure 4b shows the optical image of a typical fabricated device.  CVD-grown MoTe2 film 
is first patterned into ribbons by lithography and reactive ion etching (RIE), followed by a 
second lithography step to deposit metal contacts by electron beam evaporation (Ti/Au, 5 nm/45 
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nm). Due to the apparent visual difference between 1T’ and 2H MoTe2, the two phases can be 
easily identified for separate device fabrication. We first study the electrical properties of 1T’ 
and 2H MoTe2 ribbons respectively. The transfer length method (TLM) is used to extract the 
contact resistance between the Ti/Au- MoTe2 interface as well as the intrinsic sheet resistance of 
MoTe2.
74,75
 
TLM assumes contact resistance independent of device length and enables extraction of contact 
resistance (Rc in unit of Ω·µm) as well as intrinsic sheet resistance (Rs in unit of Ω/□ or ‘Ω/sq’) 
by combined studies on I-V curves from devices of varied channel lengths as displayed in 
Figure 4c and 4d. 
Rs and Rc can be extracted by the following equation  
Rtot = ⅀Rc/W + ⅀Rs·L/W                                           Equation 1 
Where Rtot refers to the total device resistance, L, W refers to the device channel length and 
width respectively.  
Rs and Rc of MoTe2 have been extracted as follows: Rc,1T’=3.26 kΩ·µm, Rs,1T’=1.71 kΩ/□, 
Rc,2H=326.5 MΩ·µm, Rs,2H=35.2 MΩ/□. We can see an apparent differential sheet resistance in 
an order of ~20,000 between 2H and 1T’ MoTe2, and the differential contact resistance between 
2H/metal and 1T’/metal is in an order of 100,000. In addition, another device has been 
characterized with similar electrical characteristics, as shown in Figure S7. 
2H MoTe2 has been transferred and studied in a back-gated FET geometry, where Ti/Au is used 
as the contact metal. 2H-MoTe2 shows field-effect behavior, which is not observed for 1T’-
MoTe2. The typical transfer characteristics of the back-gated devices are shown in Figure 4e and 
4f. P-type behavior is observed on 2H-MoTe2 FET devices, consistent with previous theoretical 
and experimental results.
50,58
 The field-effect mobility can be calculated by using the equation 
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µ=[dId/dVbg]×[L/(WCgVd)], where L and W are the channel length and width. Cg=ε0εr/d is the 
gate capacitance per unit area, where d=285 nm is the SiO2 layer thickness, ε0=8.854×10
-12 
F/m is 
the free-space permittivity and εr=3.9 is the relative permittivity of SiO2. dId/dVbg is estimated 
from the slope of the linear fit of the data Id-Vbg. The on/off ratio is estimated to be around 126 at 
Vbg=-80V, while the electron mobility of ~0.5 cm
2
V
-1
s
-1
, a number comparable to the highest 
performing CVD grown MoTe2 reported so far.
50,52
 The mobility could be underestimated due to 
the relatively high contact resistance. 
In addition to studying the electrical performance of phase pure 1T’ and 2H MoTe2, we examine 
the electrical properties of the 1T’/2H junction. Based on our measurement, CVD grown 
1T’/2H/1T’ structure provides a low resistance contact for 2H-MoTe2. An optical image of a 
metal/1T’/2H/1T’/metal MoTe2 device is shown in Figure 4g, in which a 2H-MoTe2 channel is 
planarly sandwiched by two 1T’-MoTe2 strips, which are contacted by Ti/Au electrodes for 
measurement. A Raman intensity mapping of 2H phase E
1
2g mode (232 cm
-1
) (Figure S8a), and 
1T’ phase Bg mode (161 cm
-1
) (Figure S8b) is conducted over the device, revealing the spatial 
distribution of 1T’/2H/1T’ MoTe2 heterostructure. The I-V curve of the 1T’ contacted 2H MoTe2 
device is shown in Figure S9. Compared with Figure 4d, the I-V curve appears to be more 
linear, indicating smoother increasing of drift carriers cause by increasing drain-source voltage, 
overcoming the problem caused by the Schottky barrier between 2D materials and common 
metals. To compare the electrical characteristics of the device with 1T’-phased electrodes and 
with Ti/Au on the 2H phase, I-V curves of electrodes 7-8 and electrodes 4-5, normalized by the 
dimension of the 2H channel (Inormalized=I·L/W), are co-plotted in Figure 4h. By using metal/1T’ 
as the electrodes for 2H MoTe2 channel, the slope of the I-V curve is increased by 7-8 times 
compared with the device with metal/2H geometry, implying that more current can be collected 
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through this device, and lower contact resistance is formed at the interface. This can be attributed 
to the different contact types between 2H/1T’ MoTe2 and metal/2H MoTe2. 2H/1T’ MoTe2 
belongs to edge contact, while metal/2H MoTe2 is top contact. It has been reported that the vdW 
gap existing in top contact introduces an additional tunnel barrier before the Schottky barrier.
28,30
 
Therefore the covalently bonded in-plane 2H/1T’ MoTe2 interface provides a promising solution 
to lower contact resistances. 
To reveal the mechanism of transport phenomena in MoTe2 with different phases, density 
functional theory (DFT) calculations are carried out to compare the Schottky barriers of 2H 
MoTe2/Ti vertical junction and MoTe2 2H/1T’ in-plane heterostructure. Since our experiment 
shows that 2H MoTe2 prepared by CVD method is a p-type semiconductors, we focus on the 
Schottky barrier for holes Φh, which is determined by the energy difference between the Fermi 
level and the valence band maximum (VBM) of the semiconductor in the junction: 
76
 
   Φh = EF - EVBM                                                      Equation 2 
where EF and EVBM are the energy of the Fermi level and VBM of the semiconductor in the 
junction, respectively. 
MoTe2 2H/1T’ in-plane heterostructure is modeled by in-plane splicing of MoTe2 with 2H and 
1T’ phases as shown in Figure 5a, while 2H MoTe2/Ti vertical junction is constructed by a 
vertical stacking of three layers of MoTe2 with 2H phase and six layers of titanium as shown in 
Figure 5c, and the lattice mismatch is less than 3.5% for each junction. Structural optimization 
and self-consistent total energy calculations were performed adopting generalized gradient 
approximation (GGA), with the Perdew-Burke-Ernzerhof (PBE) exchange-correlation 
functional, along with the projector-augmented wave (PAW) potentials, using the Vienna Ab 
initio Simulation Package (VASP).
77
 Electronic wavefunctions are expanded in a plane wave 
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basis set with the kinetic energy cutoff of 280 eV and for the Brillouin zone integration 1 × 5 × 1 
and 3 × 5 × 1 Monkhorst-Pack k-point mesh are used for MoTe2 2H/1T’ in-plane heterostructure 
and 2H MoTe2/Ti vertical heterostructure, respectively. The energy convergence criterion for 
electronic wave-function is set to be 10
-5
 eV. A vacuum layer of about 10 Å is chosen to 
guarantee no spurious interaction between layers in monolayer simulations using periodic 
boundary conditions. The projected electronic bands onto Mo of MoTe2 with 2H phase in MoTe2 
2H/1T’ in-plane heterostructure, and Mo in 2H MoTe2/Ti vertical junction, are plotted in Figure 
5b and 5d, respectively. For a comprehensive analysis, the projected electronic bands onto Mo 
of MoTe2 with 1T’ phase in MoTe2 2H/1T’ in-plane heterostructure, and Mo in 1T’ MoTe2/Ti 
vertical junction, are shown in Figure S10a and S10b, respectively. In Figure 5b the VBM of 
MoTe2 with 2H phase is folded to the Γ point and 0.25 eV lower than Fermi level in MoTe2 
2H/1T’ in-plane heterostructure, while that in 2H MoTe2/Ti vertical junction is also folded to the 
Γ point but 0.5 eV lower than Fermi level as in Figure 5d. Besides, MoTe2 with 1T’ phase 
remains metallic in both MoTe2 2H/1T’ in-plane heterostructure and 1T’ MoTe2/Ti vertical 
junction, as shown in Figure S10. The electronic bands of the heterostructure can be projected 
into respective 2H and 1T’ phases that are the same as the isolated phases, implying the validity 
of the MoTe2 2H/1T’ in-plane heterostructure.
78
 These DFT results indicate that the contact 
barrier of MoTe2 2H/1T’ in-plane heterostructure is 0.25 eV lower than that of 2H MoTe2/Ti 
vertical junction, as sketched in Figure 5e, confirming that 1T’/2H/1T’ MoTe2 structure has 
much lower contact resistance than Ti/2H MoTe2/Ti structure. 
 
Conclusions 
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In conclusion, we report the synthesis of large-area MoTe2 films through tellurizing thin Mo 
films by CVD method. The phase of MoTe2 can be controlled by reaction temperature and time. 
Systemic characterizations of MoTe2 have been conducted. The micro-scale optical transmission 
and absorption spectra of MoTe2 is investigated by MExS, providing useful information on its 
optical properties. We demonstrate an electrical device based on direct-grown semiconductor-
metal heterostructure 2H/1T’ MoTe2, where 1T’ phase serves as the electrode contacts for the 2H 
phase channel. The normalized current density through this device is higher than that measured 
by using metal contacts directly on 2H phase. Both experimental results and DFT calculations 
indicate the sharp and seamless bonded 2H/1T’ MoTe2 heterostructure provides a lower contact 
resistance than 2H MoTe2/Ti vertical junction. This work not only demonstrates the direct-
synthesis of the semiconductor-metal heterostructure, but also provides a strategy to achieve low 
contact resistance in 2D electronic devices. This advanced contact method can improve the 
performance of 2D electronic and optoelectronic devices, laying the groundwork for large-scale 
manufacturing.  
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Figure 1. Synthesis and characterizations of MoTe2 films. (a) Schematic diagrams of 2H and 1T’ 
MoTe2 structures. Unit cells are marked with black dash lines. (b) Schematic illustration of the 
synthesis process. (c) An optical image of bare SiO2/Si, pure 2H MoTe2, pure 1T’ MoTe2, and 
mixed phased 2H/1T’ MoTe2 (from left to right). (d) Raman spectra of 2H (red) and 1T’ (blue) 
MoTe2. 
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Figure 2. Raman intensity mapping, AFM measurement, and optical properties measurement of 
2H/1T’ MoTe2 in-plane heterostructure. (a) An optical image of the 2H/1T’ interface. Raman 
intensity maps at (b) 232 cm 
-1
 (E
1
2g mode of 2H phase) and (c) 161 cm 
-1
 (Bg mode of 1T’ 
phase). (d) An optical image of the 2H/1T’ interface. (e) AFM height image of a square region in 
(d). (f) Height profiles along the blue and red lines, showing both of 1T’ and 2H regions have a 
thickness of ~10 nm. (g) An optical image of 2H/1T’ MoTe2 in-plane heterostructure grown on 
sapphire. (h) A transmission intensity map of the same region in (g). (i) The evolution of 
absorbance spectra collected from 1T’ phase (blue) to 2H phase (red). 
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Figure 3. Structure analysis of MoTe2. TEM images and corresponding FFTs for 2H phase (a 
and b) and 1T’ phase (c and d). (e) High defocus STEM Ronchigram image of the interface 
between 2H and 1T’ phases in MoTe2 heterostructure. (f) High magnification STEM image of 
the interface, showing that the two phases directly connect with one another. (g) FFT of the 
region marked by a blue outline in the STEM image in (f) demonstrating the region is single 
crystal and in the 2H phase. (h) FFT of the region marked by a red outline in of STEM image in 
(f) demonstrating the region is single crystalline and 1T’ phase. 
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Figure 4. Electrical measurement of MoTe2 devices. (a) Schematic illustration of two types of 
MoTe2 devices. For the device on top, a 2H MoTe2 channel is directly contacted by metal 
electrodes. For the device on bottom, 1T’ MoTe2 interconnects a 2H MoTe2 channel and metal 
electrodes. (b) An optical image of a MoTe2 ribbon contacted by metal electrodes labeled 1 to 6. 
Electrodes 1 to 3 are in contact with the 1T’ phase, while electrodes 4 to 6 are in contact with the 
2H phase. Ids-Vds curves of the 1T’ phase and 2H phase are shown in (c) and (d) respectively.  
Inset: Resistance obtained from different pairs of electrodes and channel lengths. (e) Room-
temperature field effect transfer characteristic for the 2H MoTe2 FET at 10 V drain-source 
voltage. Inset: an optical image of the 2H MoTe2 FET. (f) Ids-Vds curves acquired for the back-
gate voltage Vbg values at 0, -20, -40, and -80 V. (g) An optical image of a 1T’/2H/1T’ MoTe2 
ribbon, where metal electrodes 7 and 8 are in contact with the 1T’ phase. (h) Normalized Ids-Vds 
curves acquired by electrodes 4-5 and 7-8. 
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Figure 5. Band alignments of 2H/1T’ MoTe2 in-plane heterostructure and 2H MoTe2/Ti vertical 
junction. (a) Structure and (b) the projected electronic bands onto Mo of MoTe2 with 2H phase in 
MoTe2 2H/1T’ in-plane heterostructure. (c) Structure and (d) the projected electronic bands onto 
Mo in 2H MoTe2/Ti vertical junction. Fermi level is set to 0 eV. (e) Sketch of the band alignment 
for 2H MoTe2/Ti vertical junction and MoTe2 2H/1T’ in-plane heterostructure. 
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